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(g) A zoom tracking apparatus. 

(g) A zoom tracking apparatus of a focusing lens 
in which a position of a focusing lens is control- 
led to an infocus position so as to follow a 
motion of a zoom lens, comprises : means for 
oscillating the focusing lens or an image pickup 
device in the front and back directions ; and 
means for controlling front and back oscillating 
amounts of the focusing lens or the image 
pickup device, wherein the front and back oscil- 
lating amounts of the focusing lens or the 
image pickup device are changed in accord- 
ance with a relation between the position of the 
zoom lens and the infocus position of the focus- 
ing lens. 
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The invention relates to a zoom tracking 
apparatus of, for example, an inner focusing lens for 
controlling the position of the focusing lens to an 
infocus position so as to follow the motion of the zoom 
lens in a manner such that a focal point does not devi- 5 
ate when the zoom lens is moved. 

To reduce the size and weight of a video camera, 
an inner focusing lens is used in an optical system of 
the video camera. In the case of the inner focusing 
lens, a zoom lens and a focusing lens are arranged in 10 
a lens assembly and the zoom lens and the focusing 
lens can be moved by, an actuator such as stepping 
motor, linear motor, or the like. 

In the optical system of the video camera, the 
position of the focusing lens is tracking controlled so 15 
as to follow the motion of the zoom lens in a manner 
such that the focal point does not deviate when the 
zoom lens is moved. In the case of the inner focusing 
lens, since the zoom lens and the focusing lens can- 
not be directly moved, it is difficult to execute such a 20 
tracking control by using a mechanical cam. Theref- 
ore, in the case of the inner focusing lens, by setting 
a driving amount of the focusing lens in accordance 
with the motion of the zoom lens, the tracking control 
is performed. Such a control is also called an elec- 25 
tronic cam. 

Subjects for a video camera tend to change posi- 
tion. Therefore, in the case of executing automatic fo- 
cusing control of a video camera, it is necessary to 
control the position of the focusing lens in accordance 30 
with the motion of the object. 

In an automatic focusing circuit of a video camera 
of the image processing system, the principle that an 
integrated level of middle and high frequency compo- 
nents in an image pickup signal is maximum at the in- 35 
focus position is used so the middle and high 
frequency component level in the image pickup signal 
is detected and integrated over a predetermined fo- 
cusing area and an evaluation value is obtained. The 
position of the focusing lens is controlled so that the 40 
evaluation value becomes maximum. 

In the case of the automatic focusing circuit for a 
video camera of an image processing system, in order 
to control the in-focus position in correspondence to 
the motion of an object to be photographed, the focus- 45 
ing lens or the image pickup device is oscillated back 
and forth. A peak value of the evaluation values is 
detected, thereby controlling the position of the focus- 
ing lens in accordance with the motion of the object to 
be photographed. 50 

As mentioned above, with an inner focusing lens, 
when the zoom lens is moved, it is necessary to track- 
ing control the focusing lens in accordance with 
characteristics showing the relation between the posi- 
tion of the zoom lens and the in-focus position of the 55 
focusing lens. With an automatic focusing circuit in a 
video camera it is necessary to oscillate the focusing 
lens or the image pickup device forwards and back- 



wards and to control the infocus position in corres- 
pondence to the motion of the object to be photo- 
graphed. 

Therefore, in the case of executing the automatic 
focusing control in a system using an inner focusing 
lens, when the zoom lens is moved, the tracking con- 
trol and the oscillating control must be simultaneously 
performed and so complicated processes are neces- 
sary. 

It is, therefore, an object of the invention to pro- 
vide a zoom tracking apparatus for a focusing lens 
which can simultaneously execute the tracking con- 
trol and the oscillating control by simple processes. 

According to an aspect of the invention, there is 
provided a zoom tracking apparatus of a focusing lens 
in which a position of a focusing lens is controlled to 
an infocus position so as to follow a motion of a zoom 
lens, comprising: 

means for oscillating the focusing lens or an 
image pickup device forwards and backwards; and 

means for controlling forward and backward 
oscillating amounts of the focusing lens or the image 
pickup device, 

wherein the forward and backward oscillating 
amounts of the focusing lens or the image pickup 
device are changed in accordance with the relation 
between the position of the zoom lens and the in-fo- 
cus position of the focusing lens. 

The above, and other, objects, features and 
advantage of the present invention will become rea- 
dily apparent from the following detailed description 
thereof which is to be read in connection with the 
accompanying drawings, in which:- 

Fig. 1 is a block diagram of an example of a video 

camera to which the invention is applied; 

Fig. 2 is a side elevational view of an example of 

a lens structure in the video camera to which the 

invention is applied; 

Fig. 3 is a schematic diagram which is used in the 
explanation of an embodiment of the invention; 
and 

Fig. 4 is a vector diagram which is used in the exp- 
lanation of an embodiment of the invention. 
An embodiment of the invention will be described 
hereinbelow with reference to the drawings. 

Fig. 1 shows an example of a video camera to 
which the invention is applied. In Fig. 1, reference 
numeral 1 denotes a lens. As shown in Fig. 2, the lens 
1 comprises: a fixed first lens group F^ a fixed third 
lens group F 3 , a movable second lens group (focusing 
lens) F 2 , and a movable fourth lens group (focusing 
lens) F 4 . 

The position of the second lens group F 2 can be 
moved by a zoom driving motor 2. A zoom amount is 
detected by a zoom position detector 3. An output of 
the zoom position detector 3 is supplied to a system 
controller 14. 

The position of the fourth lens group F 4 can be 
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moved by a focusing driving motor 6. The focusing 
driving motor 6 is driven by a driver 15 on the basis of 
a control of the system controller 14. The position of 
the fourth lens group F 4 is detected by afocusing posi- 
tion detector 7. An output of the focusing position 
detector 7 is supplied to the system controller 14. 

When the second lens group F 2 is moved, it is 
necessary to move the fourth lens group F 4 so as to 
follow the motion of the second lens group F 2 so that 
a focal point is not deviated. According to an embodi- 
ment of the invention, as will be explained in detail 
hereinlater, in order to obtain the in-focus position so 
as to follow the motion of the second lens group F 2 , 
when the second lens group F 2 is moved, front and 
back oscillating amounts are made variable when 
oscillating the fourth lens group F 4 . 

An oscillating amount of the fourth lens group F 4 
is previously obtained from the relation between the 
position of the second lens group F 2 and the position 
of the fourth lens group F 4 as an in-focus position. The 
oscillating amount data is stored into a table of an 
oscillating-amount memory 21. 

An opening or closing operation of an iris ring 23 
in the lens 1 is controlled by an iris driving motor 5. 
The opening or closing state of the iris ring 5 is detec- 
ted by an iris position detector 4 comprising, for 
example, a Hall device. An output of the iris position 
detector 4 is supplied to the system controller 14. 

An image of an object to be photographed which 
has been transmitted through the lens 1 is formed 
onto a photo sensitive surface of a CCD image pickup 
device 8. An image pickup signal based on the image 
to be photographed is generated from the CCD image 
pickup device 8. 

An output of the CCD image pickup device 8 is 
supplied to a sample and hold circuit 9. An output of 
the sample and hold circuit 9 is supplied to an A/D 
converter 11 through an AGC circuit 10. An output of 
the CCD image pickup device 8 is converted into a 
digital signal by the A/D converter 11. 

An output of the A/D converter 1 1 is supplied to a 
digital video signal processing circuit 12 and is also 
supplied to an optical detector 1 3. 

The optical detector 1 3 forms an AF detection sig- 
nal for automatic focusing, an AD detection signal for 
automatic exposure, and an AWB detection signal for 
automatic white balance. The AF detection signal is 
formed from an integrated level of middle and high fre- 
quency components in a luminance signal in a pre- 
determined focusing area. The AF detection signal is 
set to an evaluation value when the automatic focus- 
ing control is executed. The AE detection signal is for- 
med from a luminance signal level in a predetermined 
exposure area. The AWB detection signal is formed 
from a luminance signal level and a chroma signal 
level in a predetermined AWB detection area. 

The optical detector 13 and the system controller 
14 are bidirectionally connected through a serial inter- 



face. 

A lens driving signal is generated by the system 
controller 14 in accordance with the AF detection sig- 
nal which is sent from the optical detector 13 to the 
5 system controller 14. The lens driving signal is sup- 
plied to the focusing driving motor 6 through the driver 
15. Thus, the position of the fourth lens group F 4 is 
controlled. 

An iris control signal and an AGC control signal 
10 are generated by the system controller 14 in accord- 
ance with the AC detection signal which is sent from 
the optical detector 1 3 to the system controller 14. The 
iris control signal is supplied to the iris driving motor 
5 through a driver 16. Thus, the iris ring 23 is opened 
15 or closed and a gain of an AGC circuit 10 is set in 
accordance with a level of an image pickup signal 
from the CCD image pickup device 8. 

Again control signal and generated by the system 
controller 14 in accordance with the AWF detection 
20 sig nal which is sent from the optical detector 1 3 to the 
system controller 14. The gains to each components 
of color signals are set in the digital video signal pro- 
cessing circuit 12 in accordance with the gain control 
signals. 

25 A luminance signal and a chroma signal are pro- 

cessed by the digital video signal processing circuit 
12. The processed luminance signal and the chroma 
signal are converted into analog signals through D/A 
converters 19Aand 19B, respectively, and are output 

30 from output terminals 20A and 20B. 

Fig. 2 shows a structure of the lens 1 of the video 
camera to which the invention is applied. The lens 1 
is constructed as an inner focusing lens such that the 
first lens group F, and the third lens group F 3 are fixed 

35 and the second lens group F 2 and the fourth lens 
group F 4 are movable. That is, as shown in Fig. 2, the 
fixed first lens group F 1t the second lens group F 2 
(zoom lens), the fixed third lens group F 3 , and the 
fourth lens group F 4 (focusing lens) are arranged in 

40 the lens 1. A PN filter 22 and the iris ring 23 are 
arranged between the second lens group F 2 and the 
third lens group F 3 . A dummy glass 24 to cut infrared 
rays is arranged so as to face the fourth lens group F 4 . 
In the lens 1 with the construction of the inner focusing 
45 lens as mentioned above, a focusing ring and a zoom 
ring are unnecessary and the optical system can be 
miniaturized. 

According to an embodiment of the invention, the 
fourth lens group F 4 is controlled in the following man- 
so ner. 

An evaluation value which is formed from the inte- 
grated level of the middle and high frequency compo- 
nents in the image pickup signal is generated from the 
optical detector 13. The evaluation value is set to an 
55 evaluation value when executing an automatic focus- 
ing control. Since the integrated level of the middle 
and high frequency components in the image pickup 
signal is maximum at the in-focus position, the lens 
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position at which the evaluation value has a peak 
value corresponds to the in-focus position. 

A driving signal is given from the system control- 
ler 14 to the focusing motor 6 through the driver 15, 
thereby moving the fourth lens group F 4 toward the 5 
infocus position. At the same time, the peak value of 
the evaluation values sent from the optical detector 1 3 
is detected. The fourth lens group F 4 is position con- 
trolled to the position at which the evaluation value 
has the peak value. 10 

The fourth lens group F 4 is oscillated in the front 
and back directions so as to follow the motion of an 
object to be photographed. In the case where the sec- 
ond lens group F 2 is not moved in a fixed zoom mode, 
front and back oscillating amounts of the fourth lens 15 
group F 4 at this time are equal. As mentioned above, 
the evaluation values are detected while oscillating 
the fourth lens group F 4 . Due to this, the position of the 
fourth lens group F 4 is controlled in accordance with 
the motion of the object to be photographed. 20 

In the case of changing the zoom amount, a driv- 
ing signal is supplied from the system controller 14 to 
the second lens group F 2 through a driver 17. Due to 
this, the second lens group F 2 is moved. The position 
of the second lens group F 2 at this time is detected by 25 
the zoom position detector 3 and the position detec- 
tion information is given to the system controller 14. 
At the same time, oscillating amount data is read out 
of the oscillating-amount memory 21 in correspond- 
ence to the movement of the second lens group F 2 . 30 
The front and back oscillating amount is changed on 
the basis of the oscillating amount data, thereby oscil- 
lating the fourth lens group F 4 . The evaluation values 
are detected while oscillating the fourth lens group F 4 
by changing the oscillating amount in the front and 35 
back directions. Due to this, the position of the fourth 
lens group F 4 is controlled in accordance with the 
motion of the object to be photographed. The position 
of the fourth lens group F 4 is controlled so as to follow 
the motion of the second lens group F 2 in a manner 40 
such that a focal point does not deviate when the 
zoom amount is changed. 

As mentioned above, according to an embodi- 
ment of the invention, in the case of changing the 
zoom amount, by changing the front and back oscil- 45 
lating amounts of the fourth lens group F 4 on the basis 
of the oscillating amount data from the oscillating- 
amount memory 21 , oscillating control and a tracking 
control can be simultaneous performed. 

That is, Fig. 3 shows the relation between the 50 
position of the second lens group F 2 and the position 
of the fourth lens group F 4 as an in-focus position in 
the lens 1. In Fig. 3, a line B t indicates the position of 
the fourth lens group F 4 serving as an in-focus posi- 
tion when the second lens group F 2 has been moved 55 
along a line A, for an object existing at an infinite 
remote position. A line B 2 indicates the position of the 
fourth lens group F 4 serving as an in-focus position 



when the second lens group F 2 has been moved along 
the line A n in an object existing at a predetermined dis- 
tance LA (for example, 90 cm). In the case of the 
object existing between the above two positions, a 
characteristic line indicative of the position of the 
fourth lens group F 4 which is set to an in-focus position 
when the second lens group F 2 has been moved along 
the line At can be drawn in a hatched region between 
the lines B, and B 2 . When the second lens group F 2 
has been moved along the line A^ by moving the 
fourth lens group F 4 along predetermined lines B 1 to 
B 2 , the infocus position can be held. 

When the second lens group F 2 is moved, it is 
necessary to control so as to oscillate the fourth lens 
group F 4 back and forth so as to follow the motion of 
the object together with such a tracking control. 

It is difficult to simultaneously perform the track- 
ing control and the oscillating control. Therefore, 
according to the embodiment of the invention, by mak- 
ing the front and back oscillating amounts variable, a 
process which is equivalent to that the tracking control 
and the oscillating control are simultaneously exec- 
uted can be performed. 

That is, the process to oscillate the fourth lens 
group F 4 in the front and back directions is shown by 
a vector P and a vector Q whose lengths are equal 
and whose directions are opposite as shown in Fig. 
4A. The process for tracking the fourth lens group F 4 
in accordance with the motion of the second lens 
group F 2 is shown by a vector R along a characteristic 
curve of the positional relation of the fourth lens group 
F 4 serving as an infocus position when the second 
lens group F 2 has been moved as shown in Fig. 4B. 
Thus, the process when the tracking control and the 
oscillating control have simultaneously executed is as 
shown in Fig. 4C. 

The vector R can be separated into vectors 
and R 2 as shown in Fig. 4D. 

R 1 = R cos G 
As shown in Fig. 4E, therefore, when the fourth 
lens group F 4 is oscillated by a vector (P - R.,) which 
is obtained by subtracting the vector from the vec- 
tor P and a vector (Q + R^ which is obtained by adding 
the vector Q and the vector R 1f a process which is 
equivalent to that the tracking control and the oscillat- 
ing control have simultaneously executed is perfor- 
med. 

In Fig. 1, the oscillating amount data of the fourth 
lens group F 4 corresponding to the movement 
amounts of the second lens group F 2 at every position 
of the object is stored into the oscillating-amount 
memory 21 . When the second lens group F 2 is moved, 
the oscillating amount data is read out of the oscillat- 
ing amount memory 21 in accordance with the move- 
ment of the second lens group F 2 . On the basis of the 
oscillating amount data, the fourth lens group F 4 is 
oscillated in the front and back directions. Due to this, 
the tracking control and the oscillating control are sim- 



-wviSDOCID: <EP 0485163A2J_> 



EP 0 485 163 A2 



8 



ultaneously executed. 

According to the invention, when the second lens 
group F 2 (zoom lens) is moved, by oscillating the sec- 
ond lens group F 2 by changing the movement amount 
in the front direction and the movement amount in the 
back direction in accordance with the relation be- 
tween the position of the second lens group F 2 and the 
in-focus position of the fourth lens group F 4 , the pro- 
cess which is equivalent to the oscillating control is 
executed simultaneously with the execution of the 
tracking control can be performed. Such a control can 
be realized by a process similar to an ordinary auto- 
matic focusing. Therefore, when the zoom amount is 
changed, the tracking control and the oscillating con- 
trol can be performed without executing any compli- 
cated processes. 



memory (21) for storing the oscillating amount, 
the oscillating amount being controlled on the 
basis of the information within the memory (21). 

5 7. A zoom tracking apparatus according to claim 6, 
wherein said memory (21) stores the data for 
compensating the focusing position correspond- 
ing to the movement of the zoom lens (F 2 ) and the 
oscillating control and the tracking control are 

10 executed simultaneously by controlling the move- 

ment of said fourth lens group (F 4 ). 

8. A video camera including zoom tracking 
apparatus according to any one of the preceding 
15 claims. 



Claims 

1 . A zoom tracking apparatus for a focusing lens in 
which a position of a focusing lens (F 4 ) is control- 
led to an in-focus position so as to follow a motion 
of a zoom lens (F 2 ), comprising: 

means (15,6) for oscillating the focusing 
lens (F 4 ) or an image pickup device forwards and 
backwards; 
characterized by: 

means (14) for controlling the forward and 
backward oscillating amounts of the focusing lens 
(F 4 ) or the image pickup device and changing 
them in accordance with a relation between the 
position of the zoom lens (F 2 ) and the in-focus 
position of the focusing lens (F 4 ). 

2. A zoom tracking apparatus according to claim 1 , 
wherein said focusing lens (F 4 ) and zoom lens 
(F2) are included in a first (F,), a second (F 2 ), a 
third (F 3 ) and a fourth (F 4 ) lens group, counting 
from the photographed object side. 

3. A zoom tracking apparatus according to claim 2, 
wherein said second (F 2 ) and fourth (F 4 ) lens 
groups are movable. 

4. A zoom tracking apparatus according to claim 3, 
wherein said second lens group (F 2 ) comprises a 
zoom lens and said fourth lens group (F 4 ) com- 
prises a focusing lens. 

5. A zoom tracking apparatus according to any one 
of the preceding claims, wherein said focusing 
lens (F 4 ) is controlled on the basis of the oscillat- 
ing amount for tracking control and the moving 
amount for focusing control. 

6. A zoom tracking apparatus according to any one 
of the preceding claims, further comprising a 
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(57) A zoom tracking apparatus of a focusing lens 
in which a position of a focusing lens is control- 
led to an infocus position so as to follow a 
motion of a zoom lens, comprises : means for 
oscillating the focusing lens or an image pickup 
device in the front and back directions ; and 
means for controlling front and back oscillating 
amounts of the focusing lens or the image 
pickup device, wherein the front and back oscil- 
lating amounts of the focusing lens or the 
image pickup device are changed in accord- 
ance with a relation between the position of the 
zoom lens and the infocus position of the focus- 
ing lens. 
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